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Abstract 
The Backoff Algorithm is the heart of Medium Access Control(MAC) protocol which determines the system throughput in 
IEEE802.11 networks. Due to the nature of Wireless medium, stations are not immediately allowed to transmit data as they 
have data to send. Backoff algorithm has to take an important and crucial decision to correctly predict the precious waiting 
time for the station before accessing the medium. Hence deigning an effective and efficient Backoff algorithm is required 
for Wireless Networks. This paper discusses, simulates and analyzes the various Backoff Algorithms and compares the 
results obtained using NS2 simulator. 
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1. Introduction 
     A WLAN is a flexible data communication system which allows users to share the medium without 
installing or moving or plug-in wires or cables. Coordination and scheduling of transmissions among 
competing stations are taken care by MAC layer that has to ensure the maximum channel utilization and 
fairness among the users with minimum of interference. There are three basic access methods that have been 
defined for IEEE 802.11 WLAN: the mandatory basic method( 2-way handshake DATA-ACK) , the optional 
four way handshake (RTS-CTS-DATA-ACK) method and finally a contention free polling method. For all 
these access methods, it is required to have some mechanisms that control waiting time of stations before 
accessing the medium.  
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       Backoff (BO) is a scheme commonly used to assign appropriate waiting time in order to resolve the 
contention problems among different stations willing to transmit at the same time. The BO algorithm must be 
executed in three cases as mentioned by Jochen H. Schiller, 2003: (i) Whenever the station senses the busy 
medium before the first transmission of a packet (ii) After each retransmission and (iii) after a successful 
transmission. When a station goes into a BO state, it waits an additional random number of time slots. The 
random number must be greater than 0 and smaller than  maximum  Contention Window(CW),i.e [0,CWmax]. 
During this period, the station is continuously sensing the medium to check whether it remains free or another 
transmission begins. At the end of the CW, the station can access the medium if it is still free. If it is not, the 
BO counter is frozen and count down starts again when the channel returns to idle state.  
      There is a major problem related to CW size. If CW size is too small, then collision probability is increased 
since the same BO interval may be chosen by many stations attempting to transmit at the same time. With large 
CW size, if few stations need to access the medium, then they may have long BO time resulting in the 
degradation of the network performance. One of the solutions is Binary Exponential Backoff(BEB). In this, 
CW is reset to CWmin, if the transmission is successful. Otherwise it is doubled (exponential increase) and that 
value should be less than or equal to CWmax. Some of the problems associated with BEB are unfairness channel 
access among the stations, instability of the network performance, underutilization of bandwidth due to 
repeated retransmissions and frequent collisions, presence of hidden and exposed terminal problems. To avoid 
these problems, plenty of proposals have been carried out in recent years with the aim of increasing stability, 
fairness for data communication, network performance and other aspects. This paper analyzes the behaviour of 
various BO algorithms, simulates them using NS2.34 and compares the performance. The rest of the paper is 
organized as follows. Section 2 gives literature survey about comparative study of BO algorithms. Some of the 
existing BO algorithms are described and compared in Section 3. Section 4 analyzes the performance of BO 
algorithms. Finally the section 5 concludes the paper.  
2. Related Work 
     Five different BO Algorithms BEB, Double Increment Double Decrement (DIDD), Fast Collision 
Resolution (FCR), Multiplicative Increase & Linear Decrease (MILD) and Adaptive Avoid Second Collision 
(AASC) in multi hop wireless network with Grid and Chain topology are compared by Jian Li et al., 2008. 
With the simulation results, it is concluded that the choice of Backoff has an unavoidable influence on the 
performance of both UDP and TCP. Vukovic and Smavatkul, 2004 have performed the average delay analysis 
of BEB, Exponential Increase and Exponential Decrease (EIED) and Exponential Increase and Linear Decrease 
(EILD) by using 1D Markov Chain model under overload conditions. From the analysis, the best delay 
performance is achieved by EILD. Moreover the average delay difference between infinite and finite number of 
retransmissions is calculated , which is minimum for EIED and EILD.  
     Razafindralambo and Valois, 2006 analyzed  BEB,DIDD and MILD using fairness and efficiency metrics. 
Performance Evaluation Process Algebra (PEPA) is used to perform these analyses in the multihop context, 
which is hard if Markov chain model is used. Fibonacci Increment Backoff (FIB) and Pessimistic Linear-
exponential Backoff (PLEB) with different values of rebroadcast probability are analyzed by Bani Yassein et 
al., 2009 under varying number of nodes. From the simulation results, it has been shown that the FIB has lesser 
delay and increased throughput with the small rebroadcast probability.  
     The analytical model for the calculation of the access delay is developed by Dongxia Xu et al., 2008 for 
exponential, polynomial and linear BO functions. The numerical results are compared with the simulation 
results. From these analyses, if the real number used to adjust the CW is chosen suitably, then the linear and 
polynomial BO functions give better performance in terms of throughput, packet drop probability than the 
exponential BO functions. Stable and unstable BO protocols are evaluated by Hastad  et al., 1996. The stability 
of the protocol is determined based on the finiteness of the overall message arrival rate, average waiting time 
incurred by a message and expected time for the system to come back to the starting state where all message 
queues are empty. Based on the stochastic behaviour analysis of BO protocols, it is concluded that the 
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polynomial BO protocols are more stable than binary exponential BO  protocols if the message arrival rate and 
number of stations are more.  
 
3. Backoff Algorithms:  
 
     This section discusses about LMILD, HBA, NBA, DIDD EFB and EBEB algorithms. A comparative study 
of these algorithms is also provided in this section.  
 
3.1 Linear/Multiplicative Increase and Linear Decrease (LMILD)  
 
      LMILD, proposed by Deng et al., 2004, dynamically adjusts the CW values to reduce the collision thereby 
increasing the normalized throughput of WLAN. It requires an additional information from the physical layer 
to detect the existence of the packet collision. When a node detects the busy medium for the amount of packet 
transmission duration time, and it does not receive or overhear a packet, the node assumes the packet collision.  
In LMILD, if node experiences an collision, then CW is multiplicatively increased by the factor mc, otherwise 
if node overhears an collision, then CW is linearly incremented by lc units else if packet has been transmitted 
successfully, then CW is linearly decremented by ls units. In case of  collisions, the parameters mc and lc 
increase their CWs to reduce the collision probability. For the larger values of lc and smaller values of ls, the 
channel access probability is reduced . In the reverse case ,collision probability is increased due to increase of 
CW size. Based on the Fairness Index calculation, the parameters (mc,ls,lc) are chosen as (2,2,6).  
 
3.2 Hybrid Backoff Algorithm (HBA)   
 
      In HBA proposed by Peng et al., 2007, CW size is linearly increased after several collisions. Based on the 
Markov Chain model, the performance of the HBA, in terms of saturated throughput, packet drop probability 
and delay, is evaluated and compared with BEB.  Based on the BO stages, CW is exponentially increased 
  at beginning of the BO stage or it is linearly increased during the middle of BO 
stage   and also at the end of the BO stage CW is linearly 
increased.  whereas m2 denotes maximum threshold 
BO stage value and m1 gives minimum threshold BO stage value. The value of m1 and m2 should be less than 
or equal to 7 and m2 must be greater than m1. After several 3 collisions, i.e. at the middle of the BO stage, HBA 
selects larger CW size in order to reduce the collision probability by appropriately choosing the parameter m1. 
If m1 is large, then number of BO slots are increased to reduce the collision probability and packet drop 
probability. But it will increase the delay due to larger waiting time.  
 
3.3 New Backoff Method (NBM)   
 
     This BO algorithm proposed by Minooei and Nojumi, 2007, is modelled with a discrete time Markov chain 
model to increase throughput higher than BEB. It chooses the BO time between the previous and current CW 
sizes, instead of between 0 and current CW. In order to reduce the contention among the nodes when the 
network is not saturated, the interval [CWi-1, CWi] is chosen rather than [0,CWi]. Once the packet is transmitted 
successfully, BO counter is decremented by one unit instead of assigning CWmin. It has been shown that with 
increasing number of stations, the maximum saturation throughput is almost equal to BEB. So this BO 
algorithm is suitable for low traffic with limited number of stations.  
 
 
 
3.4 Double Increment Double Decrement(DIDD)   
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      By using elementary conditional probability approach, DIDD is proposed by Chatzimisios et al., 2007 to 
increase the saturation throughput in both basic access and RTS/CTS access method. Whenever the collision is 
detected, DIDD doubles the CW exactly as BEB to reduce the collision probability. If the packet has been 
successfully transmitted, it halves the CW to reduce the packet collision. Whereas in BEB, CW resets to CWmin 
which may initiate severe performance degradation with the increased traffic. To avoid this, DIDD reduces the 
collision probability with a higher CW after a successful transmission. In this method, since the packets are not 
dropped that reach their maximum number of retransmission attempts, higher delay may be increased than 
BEB. From the simulation, it has been shown that DIDD increases the saturation throughput.  
 
3.5 Enhanced Fibonacci Backoff (EFB)  
 
     EFB, proposed by Al Oqaily et al., 2010, chooses the optimum CW value based on Fibonacci method. 
Whenever collision occurs, CW is set to the next Fibonacci number from the current CW value (Fibonacci 
number <=CWmax). Otherwise it is set to previous Fibonacci number that should be greater than or equal to 
CWmin. Due to the nature of Fibonacci sequence, EFB provides smaller increments in the larger contention 
window. From the simulation results, it has been concluded that EFB gives better packet delivery ratio and 
reduces the delay and routing overhead for different number of nodes at varying mobility speeds.  
 
3.6 Enhanced BEB (EBEB)  
 
      Based on the number of successful transmission, Mohammed Al-Hubaishi et al., 2012 proposed EBEB 
which increases or decreases the CW to provide higher channel access fairness thereby higher throughput than 
BEB and Improved BEB. If collision occurs, CW is doubled exactly as BEB. The counter value is incremented 
whenever transmission is succeed, based on this value, new CW value is calculated as follows  
 
 
               
where CWmin<=CW<=CWmax as given by Mohammed Al-Hubaishi et al., 2012, Based on the simulation 
results, it has been shown  that EBEB has a higher index fairness index and higher throughput.  
 
3.7 Comparison of Backoff Algorithms  
 
The Backoff Algorithms  LMILD, HBA, NBA, DIDD EFB and EBEB are compared with respect to the CW 
size, assumptions, simulation parameters and drawbacks and it is given in Table 1.  
 
4 . Simulation & Performance Analysis  
 
     Backoff algorithms discussed in Section 3 are simulated using NS2.34. The simulation environment 
parameters and the performance of various BO algorithms in terms of throughput, end-to-end delay, energy 
consumption and fairness index are analyzed in the following subsections.  
 
4.1 Simulation Environment  
 
      The NS2 simulator is used with the parameters listed in Table 2. The simulation is performed for analyzing 
the BO algorithms using linear topology.In the simulation, 4-way handshake method is used in order to access 
the medium safely. In case of Basic access method, larger size data packets are transmitted without considering 
the status of destination and network. If the data packets are lost or delayed, then it has to be retransmitted 
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again resulting in severe wastage of bandwidth and consumes time. In 4-way handshake method, before 
transmitting data packet, RTS is sent. Even if RTS is lost or delayed, retransmission takes lesser time & 
bandwidth.  
 
Table 1 : Comparison of BO Algorithms 
 
BO  
Algo. 
CW size after 
Collision * 
CW size after 
successful  
transmission * 
Type of 
Network 
/ mobility  
Assumptions Drawbacks Simulation 
Parameters  
Considered 
LMILD CW=min(mc.CW,
CWmax) 
CW= min 
(CW+lc,CWmax ) 
CW = 
max(CW-ls, 
CWmin) 
WLAN/ 
Static 
nodes 
Nodes have the  
physical layer 
information about 
the packet 
collision 
1.parameters are 
determined based on 
simulation instead of 
analytical study. 
2. Not suitable for Ad Hoc 
networks such as Bluetooth 
 
Channel data 
rate: 11mbps 
CWmin: 15 
&32 
HBA  CWi = 2i CW 
CWi=2m1 CW + a 
( i - m1) 
CW = 2m1 CW + a 
( m2  m1) 
Reset to 
CWmin 
WLAN Ideal Channel 
condition and 
fixed no. of nodes 
with saturation 
condition 
 
1.Not suitable for 
RTS/CTS access method 
2.Not suitable for delay 
sensitive networks 
Markov Chain 
model analysis 
NBM 
 
[CWi-1, CWi] Backoff counter 
is decremented 
by one, rather 
than assigning 
CWmin 
WLAN Neighbouring 
nodes are able to 
detect the 
collisions. 
 
1.Applicable only for basic 
access method .  
2.Suitable  for the network 
which is  not saturated and 
for lesser no.  of stations 
 
Discrete time 
Markov Chain 
model analysis 
DIDD  CW = 2 CW CW = ½ CW  WLAN Fixed number of 
nodes , no hidden 
& exposed 
terminals, no 
transmission 
errors/fading 
1.Not suitable for delay 
sensitive networks. 
2. Not a best method for 
RTS/CTS access 
mechanism. 
8184bitsPackets
,channel bit 
rate: 1Mbps,slot 
time: 20μs, 
CWmin=32 
 
EFB 
 
CWi+1 = Fib(i) CWi+1= Fib(i-1) MANET -  Simulated with limited 
traffic in a densed network 
AODV, CBR , 
512 bits packet,  
 
EBEB 
 
CW = 2CW CW < 
(1/sqrt(Cwmin) 
* Cwmin) OR 
CW = CW + 
((Cwmax /CW) 
*Cwmin) 
Wireless 
adhoc 
network 
- Hidden and Exposed 
terminals, mobility of 
nodes are not considered.  
UDP protocol, 
1000 bytes 
packet, CW:  
[ 31, 1023], 
BW:2Mbps 
 
 *CWmin < = CW < = CWmax 
Table 2 : Parameters & their values                     Table 3 : CW Range after the first collision 
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4.2 Simulation Parameters:  
 
       Parameters used for simulation and analyzing the performance of the BO Algorithms are as follows:  
(i) Throughput (ii) End-to-End delay (iii) Energy Consumption (iv) Fairness Index.  
 
(i) Throughput:  
     
    Throughput gives the amount of packet received by the receiver per seconds. During the simulation, packet 
transmission was started at 10sec and second transmission was started at 25sec in the transmission range of the 
receiver. So first collision occurred at 25sec. The Table 3 shows the new CW range determined by the 
respective BO algorithms. Four algorithms (LMILD, DIDD,EBEB and BEB) have the CW range as [0 62], but 
they have different throughput as shown in Fig:1.Because the random number  chosen from the CW range may 
differ for each case. Due to this randomness, these BO algorithms have different performance. Based on the 
subsequent collisions , throughput is varied for different BO algorithms.  From Fig 1,it is inferred that LMILD 
has better throughput as it considers collisions around the neighbouring stations while determining the BO time 
and it applies exponential increments which give enough BO time to enhance the network throughput by 
reducing the number of transmission failures thereby reduced average packet delay. EBEB algorithm has more 
or less same amount of throughput during the entire simulation, as it adjusts its CW to the optimal value after 
each successful transmissions and it doubles the CW after the collision. 
     
(ii) End-to-End Delay:  
       
     End-to-End delay is the sum of delays experienced at each node from source and destination. It includes 
transmission delay, propagation delay and processing time. It is inferred from the Fig 2 that NBM has more 
delay than others from the simulation time 10sec to around 130sec. NBM selects the random number of slots 
from the CW interval [CWi-1, CWi] instead of [0,CWi]. So the chosen random number is large thereby 
increased BO time. If most of the forwarding nodes have larger BO time, then the end-to-end packet delay is 
increased. During the simulation from 150sec to 200sec, LMILD has lesser delay, due to its adjustment of CW 
 
 
(iii) Energy Consumption:  
 
Since wireless devices are powered by small sized batteries, power conservation is one of the most 
important design consideration. Even if the station is in idle mode, it has to continuously sense the medium for 
communication thereby consumes some amount of energy. It is inferred from the Fig 3 that NBM has 
consumed lesser energy and for EBEB, the energy consumption is more. In NBM, whenever the collision 
occurs, the station selects the optimal BO time to wait for the idle medium. So the station does not try to access 
Parameters Values 
 Propagation model Two Ray Ground 
Link Bandwidth 2 Mbps 
Transmission Range 250m 
Routing Protocol AODV 
Transport layer protocol TCP protocol 
TCP Packet Size 512 bytes 
TCP Window size 32 
Traffic Pattern FTP 
Access Method RTS-CTS-DATA-ACK 
Number of nodes 10 (linearly connected) 
Number of connections 4 
Simulation Time 200s 
BO   Range of new CW  
LMILD [0 62]    ( min(2X31, 1023) 
HBA [0 124]  (0   (22X31) ) 
NBM [31 63]  (old CW, new CW) 
DIDD [0 62]    ( 2 X 31) 
EFB [0 55]  (next Fibo no. from the current 
CW) 
EBEB [0  62]    (2 X 31) 
BEB [0 62]    (2 X 31) 
       In all these algorithms, the random number 
that is chosen from newly calculated CW range is 
multiplied with a slot time which will give the new 
BO time.  
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the medium immediately thus reduces further collisions and retransmissions. Hence NBM requires lesser 
amount of energy. In EBEB, CW is adjusted after each successful transmission without considering the status 
of neighbouring nodes. So the data packet may be delayed or collide at the destination. Hence it will trigger the 
retransmissions and increased energy consumption. 
 
 
     
      
    Fig. 1 : Throughput of BO Algorithms    Fig 2 : End-to-End Delay of BO Algorithms 
 
 
 
      Fig 3: Energy Consumption 
(iv) Fairness Index(FI)  
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    Fairness index is used to determine how all active nodes share the medium equally. It is a ratio between 
minimum number of packets transmitted by any individual node and maximum number of packets transmitted 
by any individual node. From the simulation, the fairness index for various BO algorithms is found as follows 
BO(FI values): LMILD (0.24), HBA(0.26), NBM(0.35), DIDD(0.27), EFB(0.23), EBEB(0.34) and BEB(0.24). 
Among these, NBM has the highest FI, since the BO time is chosen from the pervious and current CW. In case 
of successful transmission , BO counter is decremented by one instead of assigning CWmin.  
 
6. Conclusion  
 
       In this paper, different BO algorithms were compared and the impact of BO Algorithms on the 
IEEE802.11 WLAN were analyzed. Simulations with NS2.34 show that throughput, end-to-end delay, energy 
consumption and FI changes based on the BO algorithms. When BO algorithm chooses larger CW size to 
reduce the collision probability, delay is increased which is not suitable for delay sensitive networks. On the 
other hand, when BO algorithm selects smaller CW, the collision probability is increased thereby reducing the 
throughput. Hence there will be always tradeoffs between CW size and the performance. Hence designing a BO 
algorithm to enhance the network performance remains a very crucial research area in the future. 
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